A slot waveguide directional coupler-based polarization splitter designed on SOI platform is proposed and analyzed. The geometry of the slot waveguide directional coupler allows significant birefringence for the polarization splitting to be achieved with a suitable design. The polarization splitting in an SOI waveguide device as short as 30 μm can be realized.
Introduction
The directional coupler is one of the most fundamental component in integrated optics and it has been applied in optical polarization splitters [1] [2] . Many of these devices are made of silica-based or lithiumniobate-based waveguides for high index contrast and optical confinement, which are essential properties of silicon-on-insulator (SOI).
In recent years, slot waveguides are widely used in many fields such as biosensors, chemical sensors and directional couplers [3] [4] . Directional couplers with slot waveguide structures are very suitable for applications where strong coupling is required. By utilizing the idea of combing slot waveguides and directional coupler-based polarization splitters, it is possible to achieve an effective polarization splitting.
In this paper, we demonstrate the first slot waveguide directional coupler-based polarization splitter that exhibits excellent polarization splitting behavior for 1.55 μm wavelength. In our work, properly choosing parameters of structures did achieve sufficient geometry-induced birefringence of slot waveguides. A significant difference of coupling lengths between TE and TM modes can be induced thus the excellent polarization splitting behavior can be observed in our results.
Design and Results
In our design, the photonic wire is covered by air (n c = 1) and base on the silica substrate (n s = 1.444), where the low-refractive-index region (slot region) is sandwiched by high-refractive-index materials (silicon, n r = 3.474) at 1.55 μm wavelength as shown in Fig.1 . The width w and height h of the single photonic wire is chosen to be 0.21 μm and 0.25 μm for satisfying the single-mode condition for the SOI waveguide by using the CMOS fabrication process. The TE mode polarized to x-axis is strongly confined in slot regions where the width of slot regions w s is set to 0.2 μm.
Optical propagation in a directional coupler can be expressed in terms of even and odd modes with effective indexes n e and n o , which are functions of the waveguides spacing g as shown in Fig. 2 . By carefully adjusting the spacing g (g = 0.48 μm) between the two waveguides we can make the ratio of the coupling length of TE mode L TE to the coupling length of TM mode L TM be 2, i.e. L TE /L TM = 2 [2] . Meanwhile the length of the coupling region of the device is chosen to be L = 2L TM = L TE , thus the two modes can be successfully separated into 2 different output ports as shown in Fig. 3 .
We introduce tapers between the coupling regions and the output waveguides to reduce the excess loss as shown in Fig.3 . Note that when the spacing g is too small, the separated fields in output ports may further couple to each other. To avoid coupling and make the extinction ratio between the main port and sub-port to achieve -10 dB or more, the length of tapers L tap is set to be 1.34 μm where the width of output waveguides is set to be 0.3 μm as shown in Fig.3 . The simulation result is conducted by using BPM technique [5] [6] in Fig. 4 and confirms that, with a proper design, the proposed slot directional coupler exhibits an excellent polarization splitting behavior.
Conclusions
The geometry-induced birefringence in the SOI directional couplers becomes apparent with appropriate slot design, and this idea is used to design and fabricate a slot directional coupler-based polarization splitter. The Length of the polarization splitter is about 30 μm for spacing between the two waveguides g = 0.48 μm. The extinction ratio of the two orthogonal polarization components can achieve 10 dB in our work.
Comparing with published designs of polarization splitter based on directional couplers, our design has advantages of compacter size of device and higher fabrication tolerance, which result from utilization of strong birefringence induced by slot geometry. Thus we have demonstrated the first compact directional coupler-based polarization splitter that manipulates the geometry-induced birefringence of the slot waveguides on SOI platform. 
